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This  is  the  final  report  for  Grant  AFCSR  75-2770.  Advances  in  chemical 
dynamics  are  not  usually  achieved  by  a single  experiment  but  rather  by  a 
blend  of  informations  using  a variety  of  techniques.  As  a consequence, 
the  results  of  this  research  project  may  be  classified  in  three  separate 
categories:  a)  preparation  of  and  experiments  with  electronically  excited 
atoms  and  molecules;  b)  measurements  of  kinetic  energy  thresholds  for  ion- 
pair  production  from  molecular  collisons,  vith  subsequent  derivation  of 
molecular  binding  energies  and  electron  affinities;  and  c)  thermal  energy 
chemi-ionization  processes. 

1 ‘ 

In  experiments  of  type  a)  electronically  excited  sodium  was  used  to 
promote  the  chemi-ionization  reaction  with  0^  and  SC^.  Two  photon  ion- 


ization of  Na^  and  Lij  was  also  studied  in  order  to  investigate  laser 


selectivity.  Isotope  fractionation  is  observed  in  the  case  of  using 

+ 


a single  mode  Ar  ion  laser.  Category  b)  type  measurements  have  been 
performed  on  HKO^,  PCl^,  PBr^,  PCl2br,  PBr^Cl,  CO2*  0^,  SO2 , S0^,  CI2,  ^21 
I2  and  CF^I.  Thermal  energy  chemi-ionization  reactions  of  many  of  the 
alkali  dimers  with  the  halogens  and  interhalogens  as  well  as  UF^,  MoF^ 


and  WF^  were  observed. 
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A.  INTRODUCTION 


This  is  the  final  report  for  AFOSR  Grant  75-2770.  This  program  vas 


jointly  supported  by  AFOSR  and  ARO.  In  doing  this  work,  we  attempted  to 


maintain  a balance  between  a)  research  that  might  be  classified  as 


essentially  pure  (in  scientific  areas,  however,  which  are  related  to  DoD 


missions)  and  b)  similar  problems  which  involve  atomic  and  molecular  species 


that  are  directly  involved  in  systems  of  DoD  interest.  As  an  example  of 


the  former,  the  entire  field  of  ionization  processes  is  of  DoD  interest 


primarily  because  the  charge  balance  in  the  atmosphere  (both  normal  and 


disturbed)  determines  the  ability  of  electromagnetic  signals  of  various 


frequencies  to  propageate  through  it.  We  have  done  a variety  of  ionization 


studies  which  contribute  to  further  understanding  of  these  properties.  An 


example  of  more  directly  relevant  research  are  our  measurements  of  the 


electron  affinities  and  other  negative  ion  properties  of  such  species  as  0 


The  experiments  supported  under  this  grant  were  all  performed  via 


various  combinations  of  molecular  beam  and  laser  techniques  in  order  to  more 


The  three  main  categories  of  experiment  were 


1.  Lasers  were  used  to  produce  and  characterize  atoms  in  specific  electronic 
states  or  molecules  in  specific  electronic  vibrational  and/or  rotational 
states.  We  performed  two  photon  ionization  experiments  on  alkali  dimers 
and  observed  ionization  from  specific  vibrational  and  rotational  states.  . 


We  also  prepared  Na(3p)  and  used  it  to  promote  the  colllslonal  ion- 
ization of  0,  and  SO,.  In  both  these  experiments,  energy  for  loniza 


tlon  was  produced  wholly  or  partially  from  photons.  It  is  expected 


that  two  photon  ionization  may  be  used  to  characterize  the  products 
of  chemical  reactions  while  electronically  excited  atomic  states  will 
be  useful  in  further  understanding  chemical  reactivity. 

2.  In  addition,  we  continued  our  well-established  program  for  determining 
the  electron  affinities  and  bond  strengths  for  negative  molecular  ions. 
This  was  dene  with  a variety  c:  molecules  including  a number  of 
important  atmospheric  species.  Molecular  beams  in  the  electron-volt 
kinetic  energy  region  were  used.  In  this  case  translational  motion 
supplied  the  energy  for  the  cheni-ionization  process. 

3.  Several  examples  of  chemi-ionization  at  thermal  energies,  where  the 

energy  for  ion  productions  comes  from  the  energy  released  in  new  bond 

formation,  were  also  found.  These  occur  in  the  reactions  of  the  alkali 

dimers  with  the  halogens,  IBr,  IC1,  MoF, , VF  and  UF, . 

t>  o 0 

All  of  the  techniques  used  and  systems  studied  have  focused  on  the  role 
of  energy  in  chemical  reactivity.  We  have  examined  the  effect  of  translational, 
electronic  and  vibrational-rotational  energy  on  the  ionization  as  this  is 
the  simplest  type  of  chemical  change.  The  stability  and  accessibility  of 
product  states  is  also  important  for  understanding  chemical  reactivity.  Our 
results  for  electron  affinities  and  bond  strength  for  a variety  of  systems 
are  summarized  in  Table  1. 
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B.  DISCUSSION  AND  RESULTS 


In  order  that  one  may  more  fully  understand  the  goals  and  scope  of 
our  program  we  will  briefly  discuss  and  summarize  the  published  work.  Ve 
will  also  attempt  to  provide  the  motivation  for  it  and  the  relationship 
between  the  various  areas. 

1.  Preparation  of  excited  atoms  or  molecules  in  specific  quantum  states. 

One  of  the  most  important  goals  in  reaction  dynamics  is  the  theoretical 
prediction  of  probabilities  of  chemical  reactions  or  other  physical  processes. 
Although  macroscopic  rate  constants  are  usually  determined  by  bulk  experi- 
ments and  tabulated  for  most  practical  applications,  they  are  very  difficult 
to  compare  with  theory. 

The  job  of  obtaining  a sufficient  number  of  relevant  rate  constants 
and  their  temperature  dependence  so  as  to  be  useful  in  predicting  practical 
situations  is  usually  difficult.  The  value  of  microscopic  rate  constants 
has  been  recognized  for  many  years.  These  more  detailed  building  blocks 
are  very  useful  in  gaining  an  understanding  of  a variety  of  collision 
processes.  However,  their  use  is  usually  limited  to  situations  where  the 
internal  states  of  both  reagents  and  products  can  be  characterized  by  a 
temperature.  Even  then,  in  order  to  compare  such  theories  with  experiment, 
it  is  usually  necessary  to  compute  a large  number  of  constituent  processes 
to  obtain  a rate  constant.  This  is  so  because  the  microscopic  rate  constant 
is  an  average  value  resulting  from  many  collisions  which  have  a large  range 
of  initial  quantum  states,  kinetic  energies.  Impact  parameters  and  mutual 
orientation  of  the  molecules.  It  is  unsatisfactory  to  undergo  this  calcu- 
latlonal  labor  to  obtain  only  two  parameters,  perhaps  a rate  constant  and 
Its  temperature  dependence,  since  It  is  difficult  to  attribute  deviations  to 
one  of  the  specific  factors  and  thus  makes  the  exercise  less  meaningful. 
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Molecular  bean  studies  have  contributed  to  unraveling  this  situation, 
since  the  initial  and  final  relative  kinetic  energies  have  been  controlled 
and  measured,  respectively.  Some  inforr.ation  about  the  initial  impact 
parameters  has  also  been  deduced  from  the  angular  distributions  of  reactive 
and  non-reactive  collisions. 

Such  studies  have  shorn  that,  frequently,  products  of  single  collisions 
cannot  be  described  by  temperatures,  even  within  a tarticular  degree  of 
freedom.  Accordingly,  it  becomes  appropriate  to  study  the  individual  cross 
sections  for  passing  from,  specified  initial  to  final  quantum  states. 


Vith  the  advent  of  laser  technology,  it  is  now  possible,  in  addition 
to  the  advances  mentioned  above,  to  start  reactions  vith  molecules  which 
have  definite  electronic,  vibrational  or  rotational  6tates,  or  vith  atoms 
in  a definite  electronic  state.  Likewise,  the  internal  energy  distribu- 
tions of  the  product  states  may  be  deduced  vith  lasers.  Vith  polarized 
light,  inferences  may  be  made  about  the  relative  orientation  of  the  two 
species. 


We  have  been  engaged  in  molecular  beam  research  for  many  years  and 
in  the  past  two  years  ve  have  started  to  use  lasers  as  tools  for  use  vith 
the  beam  techniques,  as  have  others.  This  provides  a slightly  differ- 
ent point  of  view  from  laser  workers  who  have  found  molecular  beams  a 
useful  tool.  The  letter  normally  are  not  interested  in  subsequent  colli- 
sion studies.  With  either  point  of  view,  however,  in  addition  to  the  vir- 
tues of  molecular  beams  cited  above,  there  are  two  additional  advantages: 
a)  if  a molecular  beam  crosses  a laser  beam  at  right  angles.,  the  Doppler 
shift  of  frequencies  becomes  vanishingly  small.  This  means  that  a very 
narrow  laeer  frequency  width  can  be  used  for  excitation,  so  that  a de- 
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sired  frequency  can  be  saturated;  and  b)  there  is  no  collisional  relaxation 
to  disturb  the  newly  formed  excited  molecules. 

Our  initial  studies  on  chemi-ionization  induced  by  electronic  excita- 
tion has  been  with  Na  atoms  as  the  D states  are  easily  reached  with  existing 
laser  technology  as  described  in  the  paper  below: 

Volume  $1.  number  1 CHEMICAL  PHYSICS  LETTERS  1 October  1977 


NEAR -THRESHOLD  IONIZATION  OF  EXCITED  Na(3:P)  BY  COLLISIONS  VMTH  02  AND  S02  * 
Erhard  W ROTHE,  B P MATHL’R 

Research  Institute  for  Engineering  Sciences  and  Dipa’tmcnt  of  Chemical  Engineering.  Wcync  Slate  University . 
Dti'ou.  Michigan  48202,  USA 

and 

Gene  P.  RECK 

Department  of  Chemistry,  Wayne  State  University,  Detroit.  Michigan  48202,  USA 
Received  20  June  1977 


Positive  ion*  ere  produced  in  crotied  beam*  of  eV-nnpe  todium  itoms  end  thermal  Oj  or  SO] . Resonant  later  hght  it 
used  to  excite  a Bnall  fraction  of  the  lodium  to  N»*(3  ’P^  or  3 *?*/})  Product  ions  are  observed  at  k>*er  reagent  kinetic 
energies  with  Na*  than  with  Na. 


The  major  result  of  these  studies  was  that  electronic  excitation  could 
be  used  to  promote  the  chemi-ionization  processes. 

Two  photon  ionization  of  alkali  molecules  may  also  be  easily  studied 
because  a)  these  molecules  have  sufficiently  low-lying  electronic  states 
that  they  can  be  excited  with  a single  photon  in  the  convenient  range  of 
visible  -ev  light  obtainable  from  argon-ion  lasers,  b)  their  vibrational  and 
rotational  spacings  are  such  that  they  can  be  excited  exclusively  to  single 
upper  state  v,  J levels,  c)  the  specific  transitions  excited  by  the  argon-ion 
laser  lines  for  the  molecules  end  Na^  have  been  Identified  so  that  this 
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upper  state  level  is  known,  d)  the  number  of  argrn-ion  laser  lines  is 
sufficient  that  the  molecules  may  be  prepared  with  s vide  range  of  vib- 
rational and  rotational  energies  and,  consequently,  the  dissociation  energy 
may  be  varied  fror  maxim-  to  almost  zero,  and  finally,  e)  the  same  laser 
frequency  that  excites  the  molecules  can  also  be  used  to  ionize  the  excited 
state,  so  that  the  excited  state  population  can  be  monitored  by  two-photon 
ionization. 

Ve  have  already  excited,  and  ionized,  a few  such  states  in  Li-,  and  Na? 
an«  a.ccun.s  of  these  experiments  are  described  in  the  four  papers  below; 

u 

j Chem  Pnyt  68.5).  1 Ma-  1978  0071  96X  76'6S0S  2S18S01  00  t 197£  Ame-.o^  Inflate  ot  Phy*.c» 

Two-photon  ionization  of  Na2  by  an  Ar+  laser*1 

B.  P.  Malhur  and  Erhard  W.  Rothe 

Research  Institute  fo’  Enfineerinf  Sciences  and  Department  of  Chemical  Eng.necnnf  Hat-nr  Slaty 

Unirersit).  Detroit.  Michi/an  46202 

Gene  P.  Reck 

Department  of  Chemistry  » j)w  Start  University.  Detroit,  thchifan  46202 

(Received  13  September  1977) 
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ISOTOPE  FRACTIONATION  IN  TWO-STEP  PHOTOIONIZATION  OF  Li2  * 

Erhard  W.  ROTHE,  B.P.  MATHUR 

It  r search  Institute  for  Enfineerinf  Sciences  and  Department  of  Chemical  Enfineerinf.  Wayne  State  University. 
Detroit,  Michigan  48202,  USA 

and 

Gene  P.  RECK 

Department  of  Chemistry,  Wayne  State  Vnivertity,  Detroit,  Michigan  48202,  USA 
Received  13  September  1977 


A c»  arson-ion  Inter  beam  internet*  e therm*] -energy  lithium-beam.  Sequential  two-photon  ionization  of  LI*  i*  ob- 
eerved,  LiJ  ion*  ait  formed  b>  molt  of  the  avaQeble  bier  line*.  Large  Uotope  fiectionition*  remit  from  thi*  proces. 
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TWO  PHOTOS  IOM7  AT  ION  OF  Li, 

ISOTOPIC  SI  P \K  ATIOS  ASH  1)1  ILRM1S  ATIOS  OF  IP. Li, » AM) /HLi*  I* 

H P MATIIL'R.  I i hard  V ROTHL 

Intitule  fii'  f rftncrrtng  Snencci  and  Pcpjrn-  r ' ofO.cn,. . ' f ,;c  |.  ,,  ( 

Ott'oi:  M.iHifjn  AsluS.  ( i-l 

Gfrif  P RICK 

Dtrc'i’fteM  o'Oir~.a:r\.  h.-in,  Surr  l m,  . Dc:r. t.  U..hj;  a ; i. s-i 

and 

AiunJ  IIGHTMAN 

Department  p' Electrical  and  Computer  I ngii.eciiig  kain<  5uu  l nuersn 
lift'd:  Michigan  46202.  I SA 

Receded  1 3 Fcbru»r>  |9~,s 

C'ompldc  isotope  tcpatilion  is  aehietrd  b'  two-photon  lomratior  of  1 1,  b>  a iinflc  mode  A'*  late:  VI  i;b  the  use  of 
tur  A**  Ijse-s  the  lonieatior  potential  o:  Li;  is  found  to  be  5 I '4  • (I  01  3 e\  . and  the  diss.  .i^.iot.  encrcv  p a , to  be 
1.2)4  j 0.01«  e\  c * 


2762  J Oam  Ph,t  tB.5!.  1 Sept  1978  0021  9606  78«90f*7262S01  .00  C Ame>«»n  Inctttule  ol  Pbvtics 

Calculated  transitions  in  Lia  isotopes  at  argon  laser 
frequencies 

Allan  J Lightman 

Df  isinmesi  of  Eiectncal  and  Compute*  Engineering  and  Research  Institute  for  Engineering  Sciences 

Huvne  Suie  I’n/serjiry  Detroit.  Michigan  46202 

B P.  Mathur 

Research  Institute  for  Eng  nesting  Sciences.  Wayne  State  Vm  treaty  Drtnoii  Michigan  46202 

(Revo. ad  2«  March  1971) 

These  studies  demonstrate  the  selectivity  of  laser  excitations  partic- 
ularly for  the  Isotopes  of  Li.  In  the  future  we  hope  to  use  this  selectivity 
to  probe  the  internal  state  distributions  of  product  molecules  using  two- 
photon  ionization  techniques  as  developed  and  demonstrated  here. 

2 . E lectron  affinities . 

An  understanding  of  complex  chemical  systems  In  which  energy  deposition 
and  flow  are  important,  auch  as  In  plasma,  atmospheric  chemistry,  combustion. 
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in  the  formation  of  ior.s  and  electrons  lr  the  lor.:? 


is  intimately  connected  with  propagation  of  ele  : t roc  =;  pne  t ic  radiation  at 


shocks,  c)  in  fundamental  chemical  structure  prc'Itr  a 


The  electron  affinities  of  a wide  range  of  species  are  needed  in 


order  to  estimate  anion  stabilities  and  map  out  the  energy  flov  in  these 


Theoretical  calculations  of  the  electron  affinities 


of  atoms  is  still  considered  difficult  since  electron  correlation  must  be 


included.  The  electron  affinity  of  molecular  species  is  even  more  diffi 
cult  to  calculate  exactly  and  only  rather  general  empirical  rules  exist 


For  the  Immediate  future,  direct  measurement  of  the  electron 


affinity  la  the  only  course 


In  1969,  two  papers  were  published,  almost  simultaneously,  which 


presented  experimental  results  on  processes  of  the  type 


where  M is  an  alkali  atom  and  XY  may  be  diatomic  or  polyatomic.  One  of 


these 


the  other  vas  done  by  E.  V.  Rothe  in  collaboration  with  Dr.  R.  K.  B. 
Helbing.  These  two  groups  have  continued  with  similar  work,  and  other 
laboratories  have  now  entered  this  field.  In  these  experiments,  interest 
is  generally  focused  upon  the  XY  molecules  rather  than  upon  the  alkali 
atom.  The  appeal  of  these  reactions  lies  in  at  least  two  areas,  both  of 
which  were  studied  here,  and  which  we  plan  to  continued  to  study. 

The  first  area  is  the  determination  of  molecular  properties.  These 
reactions  have  energy-thresholds  which  lie  where  the  molecular  energies 
predict;  i.e.,  the  products  do  not  contain  excess  kinetic  or  internal 
energy,  in  contrast  to  behavior  frequently  observed  with  photon  or  electron 
impact.  Accordingly,  this  approach  may  be  used  to  measure  such  molecular 
parameters  as  bond  energies  in  neutrals  or  in  negative  ions,  and  to  measure 
electron  affinities  in  atoms,  molecules  and  radicals.  This  laboratory 
has  been  active  in  developing  the  relatively  complex  experiments  and 
computer  codes  that  are  required  to  obtain  very  precise  energies.  The 
particular  methods  are  described  in  the  reports  and  publications: 
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Ionizing  collisions  of  cesium  with  Cl2,  Br2,  and  l2* 

S.  Y.  Tang,  C.  B.  Leffert,  and  Erhard  W.  Rothe 

Research  Institute  for  Engineering  Sciences  and  Department  of  Chemical  Engineering.  Wayne  State  University.  Detroit. 
Michigan  46202 

Gene  P.  Reck 

Department  of  Chemistry.  Wayne  State  University.  Detroit.  Michigan  46202 
(Received  9 September  1974) 

A crossed  molecular  beam  apparatus  is  used  to  study  ionizing  collisions  of  energetic  oesium  atoms 
with  Cl,.  Br„  and  I,  The  cross  sections  for  forms tion  of  Cs4  art  reported  is  the  near -threshold 
region.  The  experiment  combines  an  energy  resolution  better  than  0.1  eV  (FWHM)  with  a 
deconvolution  procedure.  An  electron  affinity  of  2 50  eV  is  deduced  for  ell  three  halogens,  m good 
agreement  with  previous  work.  In  a separate  experiment,  with  ceai  ,m  energies  from  threshold  to  350 
cV,  and  with  much  poorer  energy  resolution,  the  intensity  ratios  X~/Xf  are  obtained  The  reulu 
can  be  reasonably  explained  with  in  electron  jump  model.  At  energies  below  V)  eV,  the  observed 
ratios  are  ia  agreement  with  two  other  investigators,  but  between  150-350  (V  they  are  drastically 
different  from  work  reported  from  a third.  Complementary  data  recently  reported  by  a fourth  group 
are  difficult  so  reconcile  with  the  preeent  reach*. 


J Ch«m  Pnyt . Vo.  62  No  8.  I M»>  1976 


Measurement  of  electron  affinities  of  03,  S02,  and  S03  by 
co!!islona!  Ionization 

Erhard  W.  Rothe  and  S.  Y.  Tang 

lrj>i.:uU  /o'  Er.g.nctnr.g  Scuncc * and  Zk^rtrrun:  of  Cm  mica'  Engineering  Kavn<  Su2J«  Lniurzity,  Iniroii. 
Michigan  4S202 

Gene  P.  Reck 

Department  t >/  CArmitfry.  H'aynf  State  I nivemry.  Detroit.  Michigan  4S202 
(Received  29  November  1974) 
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Negative  gaseous  ions  from  nitric  acid* 

B.  P.  Mathur,  Erhard  W.  Rothe,  S.  Y.  Tang,*  and  Kanwal  Mahajan 

Research  Institute  for  Engineering  Sciences  and  Department  of  Chemical  Engineering.  Wayne  State 
Univtrs tty.  Detroit.  Michigan  48202 

Gene  P.  Reck 

Department  of  Chemistry.  Wayne  Slate  University.  Detroit.  Michigan  48202 
(Received  17  October  1975) 
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Negative  ions  from  phosphorus  halides  due  to  cesium 
charge  exchange* 

B.  P.  Mathur,  Erhard  W.  Rothe,  and  S.  Y.  Tang1 

Research  Institute  for  Engineering  Sciences  and  Department  of  Chemical  Engineering  Wayne  Stale 
University.  Detroit.  Michigan  48202 

Gene  P.  Reck 

Department  af  Chemistry.  Wayne  Stale  University.  Detroit.  Michigan  48202 
(Received  2 March  1976) 

An  experiment,  has  been  conducted  in  which  cerium  moms  in  the  kinetic  energy  range  2-330  eV  collide 
with  phosphorus  halides  Parent  anions  and  fragments  are  formed  Molecular  energies  are  obtained 
from  threshold  measurements  The  electron  affinitet  lor  PCI*  POO*  PBr*  PCljBt,  PBr,Cl,  and  POCJ,  are 
found  to  he  0.1,  1.4,  1.4,  1.3,  1.6,  and  3.1  eV,  respectively  The  P-X  hood  energies  for  PQ*  POO*  and 
PBr,  are  3.3,  3.3,  and  16  eV,  respectively. 


hi 
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Another  application  of  these  techniques  is  to  a study  of  the  detailed 
dynamics  of  a particular  process.  An  analysis  of  the  chemi-ionizat ion  of 
the  freons  by  Cs  using  simple  surprisal  theory  reveals  that  the  process  is 
direct  rather  than  statistical  as  described  below: 


Tht  Jou'W  of  Ch.m,cj!  Fbytict.  Vo!  « No  «.  15  F*bru.r>  1976  Cobyr.iM  C 1976  Amencjn  Inft.tutr  of 


Negative  ion  formation  in  halooarbonc 
with  cesium 

S Y.  Tang.  B.  P.  Mathur,  and  Erhard  W.  Roth© 

Re\ejrch  Institute  for  Engineering  Sconces  and  Department  of  Chemical  Engineering  H aynt  State 

Imurn/ri.  Detroit.  Michigan  4(i202 


by  charge  exchange 


Gene  P.  Reck 

Prpunmrn:  of  Chtmavy.  H'aynr  Stair  t'niMrrxii).  Orl'oil.  Mic*i:gan  4830? 

(KccciveJ  21  September  1975) 

A crossed  molecular  brjm  apparatus  is  used  to  stud)  tht  formation  of  anions  b)  charge  rsvhangr  of  fast 
cesium  atoms  with  a vanet)  of  hahvartwns  The  branching  ratios  art  determines:  from  threshold  to  350 
«V  Comparison  of  the  spectator  stripping  and  information  theoretical  models  to  the  data  leads  to  the 
conclusion  that  this  class  of  reactions  i>  an  esaniple  of  an  ultradtrect  impulsive  mechanism  In  the  most 
favorable  case,  that  of  CF,J.  we  ha*e  determined  the  near  threshold  relative  cross  sections  for  the  anions 
CFo' . I . CT,  and  If  From  these  we  determine  the  electron  afVinit)  of  CF,I  to  be  1.4*  0 2 eV  and  the 
bond  dis-vxiatioci  energs  of  CFj-T  as  0 38  J 0 1 eV,  tshuh  disagrees  with  values  oblainrJ  in  a previous 
•apcrahatil. 


3 . Chemi-ionizat Ion 

In  addition  to  the  work  described  above  in  which  ion  pairs  were  formed 
via  tbe  collision  of  molecules  with  several  electron  volts  of  initial 
kinetic  energy,  we  also  performed  measurements  in  which  all  the  ionization 
energy  was  produced  by  chemical  change. 

The  prototype  reaction  was  that  of  an  alkali  dimer  with  a halogen. 

A crossed  beam  apparatus  was  used  to  characterize  ionic  products  of  thermal 
energy  collisions  of  alkali  dimers  M2  with  homonuclear  halogens  X2  and  with 
IBr  and  -IC1.  All  possible  alkali-halogen  combinations  were  studied,  except 
ltt>2  with  1C1  and  IBr.  The  predominant  reaction  path  leading  to  ions  was 
found  to  be 

M2  *2  -*■  M+  + MX  + X-,  (1) 
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when  these  reactions  are  exoergic.  Reaction  via  the  alternative  paths 

K2  + X2  -*■  K/  + x"  (2) 

and 

M2  + X2  + M+  + MX2'  (3) 

was  observed  when  (1)  is  endoergic. 

For  Li0  and  Na0,  path  (1)  is  energetically  forbidden  (except  with  Fn) , 
but  paths  (2)  and  (3)  are  allowed  and  were  found  to  occur.  Some  experi- 
ments were  done  with  the  scientifically  interesting  UF^  (electron  affinity*6eV) 
to  establish  the  technologically  interesting  reaction  Cs  + liF^  ■*  Cs  + UF^  . 
These  results  are  described  in  the  papers  below: 

Th,  Journal  of  Chemca.  Physics.  Vol.  65.  No.  7.  1 Octotm  ,876  Copyist  C ,976  African  Inrtitut.  o,  Phyua 

Chemi-ionization  in  thermal  energy  collisions  of  K2  and 
Cs2  with  halogen  molecules* 

Erhard  W.  Rothe  and  B.  P.  Mathur 

Research  Institute  for  Engineering  Sciences  and  Department  of  Chemical  Engineering.  Wayne  State 
University.  Detroit  Michigan  48203 

Gene  P.  Reck 

Department  of  Chemistry.  Wayne  State  University.  Detroit.  Michigan  48202 
(Recaved  24  May  1976) 

The  JBwnal  o,  Chemical  Physics.  Vol  66.  No.  6.  , May  1977  Copyright  C ,977  American  Institute  of  Physics  3347 

Chemi-ionization  reactions  of  alkali  dimers  with  halogen 
molecules* 

Gene  P.  Reck 

Department  of  Chemistry.  Wayne  Slate  University.  Detroit.  Michigan  48202 

B.  P.  Mathur  and  Erhard  W.  Rothe 

Research  Institute  for  Engineering  Sciences  and  Department  of  Chemical  Engineering.  Wayne  Start 
University.  Detroit.  Michigan  48202 
(Received  1}  October  1976) 

A imued  bean  apparatus  is  need  to  characterize  ionic  products  of  thermal  energy  oolhttoas  of  alkali 
duners  M,  with  bomonuclear  halogens  X,  and  with  IBr  and  ICL  All  possible  alkali-halogen  ooobinatiaas 
were  studied,  cioept  Rb:  with  ICI  and  IBr.  When  energetically  possible  the  ionic  products  art  mainly  M4 
and  X*.  Whan  that  path  is  rinsed  taro  alternative  paths  are  observed  These  yield  M,X4  and  X*.  or  M*  and 
MX,  ” The  rusks  of*  discussed  m the  framework  of  a mechanism  proposed  by  Lin,  Whitehead,  aad  Orica. 

The  hsnung  energy  of  the  tneiomsc  ions  b computed  with  the  use  of  aa  ionic  model. 
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Ionization  reactions  of  metal  hexafluorides  with  alkali 
atoms  and  dimers** 

B.  P.  Mathur  and  Erhard  W.  Rothe 

Research  Institute  for  Engineering  Sciences  and  Department  of  Chemical  Engineering  Went  State 
Unteently.  Detroit.  Michigan  48202 

Gene  P.  Reck 

Department  erf  Chemistry.  Wayne  State  University.  Detroit.  Michigan  48202 
(Receded  t February  1977) 

loniutum  reactions  art  observed  in  crossed  beams,  usually  of  thermal  energy,  of  alkalis  and  MoF,.  WF., 
and  LF,  Previous  aiudies  base  mdicaied  large  electron  amnit.es  for  these  hexafluorides  and  this  is 
confirmed  here  lomretion  at  thermal  energies  proceeds  with  the  alkali  dimers  A-  for  the  three 
hexafluorides,  but  with  alkali  atoms  A only  for  UF.  Several  K>n, ration  paths  are  observed,  allow, ng  the 
deduction  of  molecular  energies  A few  eapenments  are  done  with  eV-range  beams  Lower  limits  for  the 
electron  affinmes  are  4.5,  3 3,  4 9,  4 3,  and  I 9 eV  for  MoF..  MoF,  WF,  UF,  and  UF„  respect, velv 
rovsiNc  mechanisms  are  discussed 


The  results  of  the  measurements  performed  by  alkali  atom  impact  and 
chemi-ionization  with  alkali  dimers  are  summarized  in  Table  1.  In  many 
cases  these  measurements  provide  new  information  on  these  systems. 


Table  1.  Summary  of  molecular  energetics  determined  by  alkali  atom  impact 
and  dimer  reactions: 

Molecule  E.A.  (eV)  Dissociation  Energy  (eV) 


MoF6 

>4.5 

MoF3 

>3.3 

^6 

>4.9 

D(VF  -F)  <5.0 
s 

UF6 

>4.3 

W5 

>1.9 

hno3 

0.57 

D(N03"-K)  1.28 

D(N02”-0H)  0.4 

PC13 

0.8 

D(PC1,-C1)  3.3 

P0C13 

1.4 

D(P0C12-C1)  3.5 

PBr3 

1.6 

D(PBr2-Br)  2.6 

PCl2Br 

1.5 

PBr2Cl 

1.6 

poci2 

3.8 

co2 

-1.1>  >-2.1 

°3 

2.14 

V) 

kP 

1.14 

S03 

>1.70 

C12 

2.5 

Br2 

2.5 

*2  . 

2.5 

CF3I 

1.4 

D(Cf3-l)  2.05 

« 

D(CF3-l“)  0.38 
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